Introduction
Inflammatory bowel diseases (IBDs), including both Crohn's disease (CD) and ulcerative colitis (UC), are heterogeneous, chronic inflammatory conditions characterized by a relapsing and remitting disease course. Approximately 1,600,000 individuals in the US have IBDs.
1 IBD-associated direct health care costs are over $6 billion annually in the US alone. 2 Symptoms of IBDs are associated with substantial patient morbidity, missed days from work and school, and diminished quality of life. [3] [4] [5] [6] [7] [8] [9] Symptoms include but are not limited to diarrhea, rectal bleeding, abdominal pain, fatigue, and extraintestinal manifestations of disease. Effective medical therapy exists to treat symptoms and to prevent relapses; however, most patients require continuous treatment. This can be problematic as IBD is typically diagnosed in the second to fourth generation of life. As a result, adherence to therapy can be as low as 40%. 10 In addition, uncommon serious side effects of therapies exist, especially with use of immunosuppressants and
Health benefits of exercise
In healthy populations, exercise has been associated with favorable physical, psychological/social, and cognitive health indicators. 15 Exercise is well known to decrease all-cause mortality independent of body mass index (BMI), likely through a reduction in cardiovascular disease and cancer risk. 16, 17 Exercise has demonstrated beneficial effects on bone mineral density (BMD), muscle mass, and functional capacity. [18] [19] [20] [21] [22] This is also of particular interest to the field of IBDs, as IBD patients are known to suffer from issues with low BMD and low muscle mass due to side effects of medications and the disease process itself. [23] [24] [25] [26] Exercise has well-established benefits in GI diseases. Mild-to-moderate-intensity exercise has been linked to a decreased risk of constipation, diverticular disease, and cholelithiasis. 16, 27 Moderate exercise is associated with a reduced risk of colorectal cancer with an average risk reduction of 20%-25%. [28] [29] [30] [31] [32] This may be an important consideration in IBD patients with a history of longstanding colonic inflammation, who are at higher risk for development of colorectal dysplasia. Interestingly, the strength of the evidence for this risk reduction in the general population is stronger for colon cancer than for any other type of cancer. 32 Furthermore, exercise has improved quality of life and functional capacity in colorectal cancer patients. [33] [34] [35] Finally, prospective studies have also suggested that moderate-intensity physical exercise has a beneficial effect on both overall survival and progression-free survival in colorectal cancer patients. 36, 37 Guidelines on exercise
The latest joint guidelines from the American Heart Association and the American Academy of Sports Medicine recommend either 1) moderate-intensity aerobic exercise for a minimum of 30 minutes 5 days each week or 2) vigorousintensity physical activity for 20 minutes 3 days a week. These recommendations are for all persons between the ages of 18 and 65 years in order to promote and maintain health. 38 However, there has only been one published set of guidelines for exercise in patients with IBDs. These guidelines were based on exercise data from healthy individuals, not from data specific to IBD patients. This lack of validation in an IBD subpopulation calls into question the applicability of these guidelines. 39 
Biologic rationale for benefits of exercise in IBDs
Studies in non-IBD populations have demonstrated that lowto moderate-intensity exercise improves immune function. 40 It has been hypothesized that moderate-intensity exercise exerts an anti-inflammatory effect by both decreasing visceral fat and subsequent release of pro-inflammatory cytokines and releasing myokines such as interleukin 6 (IL-6) with each exercise session. IL-6 released during exercise has been shown to increase the release of glucagon-like peptides, which are trophic factors associated with repair of damaged intestinal mucosa. 41 Studies in animal models of colitis have demonstrated that exercise decreases expression of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α) and IL-1β, increases expression of IL-6 and the anti-inflammatory cytokine IL-10, attenuates stress-induced barrier dysfunction, and ameliorates colitis. 42 Through these mechanisms, exercise may have benefits in both the development and course of IBDs (Figure 1 ).
Exercise patterns in patients with IBDs
There have been several studies that attempted to quantify exercise levels in the IBD patient population. Data are mixed, with variations by country in regard to overall reported rates and types of exercise. There are three studies that compared rates of exercise in IBD patients to the general population, and 
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Exercise and IBD these studies showed similar or lower rates of exercise in adult and pediatric IBD populations as compared to general populations. A case-control study by Sorensen et al of 106 Danish CD patients and 75 age-and sex-matched controls showed that rates of high, moderate, and low exercise were similar in both populations, with 25%-39% participating in high levels of physical activity and 64%-69% of both groups participating in moderate levels of physical activity. 43 Another study of BMD in a group of 22 CD and 33 UC pediatric patients found that mean physical activity was 8.3 hours per week for boys and 5.9 hours per week for girls, similar to the control group (9.2 and 7.1 hours per week, respectively). 44 A recent study of objectively measured exercise via accelerometer activity trackers worn for 7 days in 48 CD patients (42% with active disease) and 30 healthy controls showed that CD patients were slightly more sedentary (97.7% vs 96.2%) and completed significantly fewer bouts of moderate-vigorous-intensity exercise (1.0 vs 5.0, p<0.01) than controls over 7 days. Long disease duration, low BMI, low vitamin D3, and inflammation as evidenced by an elevated serum C-reactive protein (CRP) (odds ratio [OR]: 22.6, confidence interval [CI]: 1.1-479.3, p=0.045) were associated with low physical activity in CD. 45 Further studies have also demonstrated relatively low self-reported rates of exercise in patients with IBDs. A crosssectional study of 552 IBD patients it Italy found that only 25.6% of patients regularly exercised. 46 A separate Italian study of 475 IBD patients found an exercise rate of 20.6%. 47 A study of Canadians with CD (n=474) and UC (n=637) found that patients with CD were more likely to classify their physical activity level as "inactive" (OR: 1.34; 95% CI: 1.12-1.61) and less likely to classify themselves as "active" (OR: 0.69; CI: 0.55-0.87) than the 113,685 respondents to the survey who did not have IBDs. Similar trends were seen in patients with UC. The most common modes of physical activity reported were walking, gardening, and home-based exercise. A total of 53%-58% of IBD patients classified themselves as inactive while 24%-25% described moderate activity levels and 18%-20% reported high activity levels. 48 A recent survey of 877 patients with IBDs by Tew et al showed that 17% of patients were highly physically active, 50% were minimally active, and 33% were inactive. 49 By comparison, separate studies have shown higher rates of exercise in IBD populations. A survey of 918 voluntary respondents in the Crohn's and Colitis Foundation of the UK found that 66% of patients participated in exercise, with 32% reporting exercising daily, 57% weekly, 5% monthly, and 5% less than monthly. 50 Another survey of study of 140 CD and 87 UC patients in a US academic cohort found that 16.4% never exercised, 32.8% exercised 1-2 times per week, 23.6% exercised 3-4 times per week, and 18.0% exercised >4 times per week. Of the patients who exercised at least weekly, 51% reported moderate exercise intensity, 33% reported light intensity, and 16% reported vigorous intensity. 51 The rates of exercise in IBD patients thus vary widely between cohorts. Importantly, there is considerable heterogeneity in how various studies quantified exercise (via self-report or direct measurement). Additionally, in many of these survey-based studies, there is the potential for selection bias, therefore limiting external generalizability. Disease activity is another factor that may explain the wide range of reported exercise patterns of these cohorts, though only a few of the above-mentioned studies quantified this. The study by Defilippis et al found that rates of exercise were higher than had been previously reported in the general population without IBDs. However, these patients mostly had quiescent disease as evidenced by a low mean Harvey Bradshaw Index score of 4 and low mean CRP of 0.5. 51 It is possible that exercise rates also fluctuate with a patient's disease activity. The authors of the accelerometer study saw no significant association between disease activity measures and physical activity. However, the overall sample size was small and elevated CRP was associated with lower physical activity on multivariate analysis. 45 In the cross-sectional study by Tew et al, a higher CD activity was independently associated with lower physical activity (p=0.038) on multivariate analysis, although this was not the case for patients with UC. 49 Overall, rates of exercise in IBD patients are similar to somewhat less than those reported in the general population. Rates of exercise in IBDs do appear to be somewhat linked to disease activity. 
Barriers to exercise in patients with IBDs
Although there are theoretical benefits of exercise in IBDs, there are also barriers to exercise that are specific to IBDs. Given ongoing GI symptoms, patients may be hesitant to seek exercise options outside the home or in areas without ready bathroom access. Symptom exacerbation is another main concern of patients and providers. In healthy patients, strenuous, high-intensity exercise reduces blood flow to the gastrointestinal system, which can be exacerbated by hypovolemia due to dehydration during prolonged high-intensity exercise. 16, 52 These mechanisms may be responsible for the rare cases of ischemic colitis and the relatively high rates of occult blood positivity in high-intensity endurance athletes such as marathoners and triathletes. 16, 52 In a survey of 900 British CD and UC patients, 23% of respondents reported that exercise exacerbated their IBD symptoms with 41% of those patients reporting increased fatigue, 12% reporting increased need for the toilet, and 17% reporting increased abdominal pain. Additional complaints included increased joint pain, other IBD symptoms, and increased recovery time. 50 However, it is important to note that the majority of patients (72%) felt that exercise improved their symptoms.
In another single-center, cross-sectional study of the prevalence of exercise and limitations in patients with IBDs, 44% of patients reported that their IBDs limited their exercise for reasons including fatigue, joint pain, embarrassment, and weakness. 51 Tew et al showed even higher rates of reported symptoms, with 79% of respondents reporting that their IBDs limited their participation in physical activity/exercise. The most common reasons were abdominal or joint pain, fatigue, disease flare-up, and increased fecal urgency. 49 There are objective data supporting the perception that IBDs may limit an individual's ability to exercise. Objective markers of exercise capacity are reduced in the IBD patient population when compared to healthy controls. Anaerobic threshold, muscle strength, and heart rate recovery are lower in IBD populations, although the mechanism is not clear. [53] [54] [55] [56] [57] [58] One study of 29 CD patients who had small bowel surgery and proctocolectomy found that all patients had reduced exercise capacity, but the degree of reduction was greater in those with greater lengths of small bowel resected. 55 Interestingly, 72 UC patients who underwent 'curative' proctocolectomy had normal exercise capacity 12 months after ileal pouch-anal anastomosis. 59 Other factors, such as disease-related anemia, may also play a role in exercise capacity reductions.
Experimental animal models of colitis show inconsistent results for the safety of exercise. One study by Saxena et al showed that exercise exacerbated inflammation in a dextran sulfate sodium (DSS) model of colitis. However, exercise improved inflammatory symptoms in an adiponectin knockout mice colitis model. 42 Another study utilizing the mouse DSS colitis model showed increased diarrhea and inflammatory markers with moderate-intensity forced treadmill running. However, voluntary lower-intensity exercise was found to be protective against inflammation in the same study. 60 A separate study using a DSS model of colitis in rats specifically found swimming to be beneficial. Swimming improved DSS-induced decrease in crypt depth, increases in myeloperoxidase activity, infiltration of Ly6G+ neutrophils and TNF-α-and IFN-γ-expressing CD3+ T cells, as well as fecal calprotectin and lactoferrin levels. Proposed mechanisms included modulating inflammation, oxidative stress, and apoptosis. 61 Data in patients with IBDs are more reassuring, without detrimental effects of exercise. Prospective studies have demonstrated little danger of symptom exacerbation. Ploeger et al studied the effects of 30 minutes of cycling at 50% of peak capacity and high-intensity intermittent exercise in 15 pediatric CD patients and 15 matched healthy controls. They found similar increases in immune cells, growth factors, and inflammatory cytokines in both healthy controls and CD patients. The only difference in the healthy controls as compared to the IBD patients was a transiently larger rise in monocytes in the CD patients (p<0.001). However, the most significant finding from this study is that all studied inflammatory markers returned to baseline within a maximum of 60 minutes after cessation of exercise. The transient nature of these elevations strongly suggests that there is little danger of symptom exacerbation with exercise in patients with IBDs. 62 No long-term complications have been associated with exercise in IBDs. A single exercise session at a maximum of 60% oxygen consumption did not increase gastrointestinal symptoms, change intestinal permeability, or negatively affect transit time in 6 CD patients in clinical remission. 63 A low-intensity walking program caused no exacerbation of symptoms in 10 patients with inactive or mildly active CD, results that have been duplicated in a separate study of 32 quiescent or mildly active CD patients. 64, 65 A study of low-impact exercise in 117 CD patients demonstrated no serious adverse effects from the exercise regimen and no worsening of disease activity scores in the exercise group. 66 Klare et al had 30 CD patients with mild-to-moderately active disease participate in a moderate-intensity 10-week exercise program, which did not cause any exacerbations of disease or symptoms, while this program substantially increased quality-of-life scores. 67 Clinical and Experimental Gastroenterology 2018:11 submit your manuscript | www.dovepress.com
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Exercise and IBD Limited recent data suggest that even high-intensity endurance sports may be safe in some IBD patients. A recent small, prospective study 10 IBD patients participating in high intensity aerobic exercise such as triathlons, marathons, and long distance bike races had no change in their fecal calprotectin levels. 68 Eight of the ten total patients had no change in their symptoms or disease activity scores. The two patients with CD who had elevations in their disease activity scores initially with exercise had these scores return to baseline within 1 week.
Overall, these data demonstrate that exercise capacity may be reduced in IBD patients. [53] [54] [55] [56] [57] [58] [59] Despite theoretical concerns and conflicting data from animal models, moderate-to low-intensity exercise appears to be safe with minimal risk of symptom exacerbation when prospectively studied in patients with quiescent to moderately active disease. Very limited data suggest that even high-intensity exercise may be safe in selected IBD patients.
Associations between exercise and IBD onset
A host of environmental factors may contribute to the onset of IBDs. There have been several studies examining the role of physical activity and an active lifestyle as potential protective factors in the development of IBDs. Persson et al compared weekly and daily exercise levels in 152 CD patients and 145 UC patients compared to 305 randomly selected controls selected matched for age and sex. A statistically significant inverse relationship between weekly and daily exercise and the risk of CD was noted (OR: 0.6; 95% Cl: 0.4-0.9 and OR: 0.5; 95% Cl: 0.3-0.9, respectively). However, there was no association between exercise and onset of UC. 69 Similarly, Ng et al found a protective effect of exercise and onset of CD (OR: 0.58; 95% CI: 0.4-1.0), but none for UC, when comparing 186 CD patients, 256 UC patients, and 940 controls matched for age, sex, and geographical location. 70 A case-control study in a Slovakian population found a statistically significant association between lower weekly rates of sport participation as an adolescent and the development of IBDs (OR: 2.7, 95% CI: 1.5-5.0). 71 An Israeli study of 55 UC and 33 CD patients found that there was an association (p<0.001) between lower levels of physical activity in the pre-illness period for IBD patients when matched with clinic-based controls. 72 The first cohort study to examine the role of exercise in IBD development was performed by Sonnenberg in 1990 . He performed a retrospective review of 12,014 patients in a German Social Security database and found that pre-illness occupations that were outdoors and involved physical activity were protective against IBD development when compared to more sedentary and indoor occupations. 73 Bøgglid et al then studied over 2.3 million Danish citizens. 74 The authors found that only one of the eight specific sedentary occupations identified by Sonnenberg (female office workers) had a statistically increased risk of being hospitalized for IBDs with a standardized hospitalization ratio (SHR) of 111 (CI: 102-121). When they aggregated sedentary occupations and compared them to aggregated active occupations they found that there was a statistically significant increased risk of being hospitalized with new-onset IBDs for those with sedentary occupations (SHR 125, Cl: 116.9-133.1).
Cucino and Sonnenberg examined the association between occupation and mortality in 2,419 UC and 2,399 CD patients in a social security database in the US. They found higher mortality rates in patients with sedentary occupations than in those with physically active occupations. However, data were only available for occupations at or around the time of death; thus, there was no way to control for the fact that these occupations may have been chosen in response to pre-mortality increased IBD disease activity. 75 Recently, additional studies have investigated the strength of the association between fitness and IBD onset. Chan et al found that there was no association between onset of IBDs and physical activity levels in the large, prospective European Prospective Investigation into Cancer and Nutrition cohort (n=300,724), where patients who developed IBDs were matched with healthy controls. 76 The Nurses' Health Study I and II likewise showed no statistically significant relationship between exercise levels and development of UC in a female population, although there was a statistically significant (p=0.02) inverse association between the risk of developing CD and physical activity. Specifically, they showed a hazard ratio (HR) of 0.56 (95% CI: 0.37-0.84) for patients with at least 27 mets of physical activity weekly when compared to controls. 77 Another recent cohort study examined 240,984 Swedish male military conscripts, showing that low physical fitness in adolescence was associated with an increased risk of developing both CD and UC (HR: 1.62; CI: 1.31-2.00 and HR: 1.36; CI: 1.17-1.59, respectively). 78 However, there was significant attenuation of this association when the analysis was adjusted for markers of prodromal disease activity such as BMI, height, and sedimentation rate (adjusted HR: 1.32; 95% CI: 1.05-1.66 for CD and adjusted HR: 1.25; CI: 1.06-1.48 for UC). The authors speculated that this attenuation indicated that early subclinical disease activity could have affected exercise capacity and physical fitness. Thus, submit your manuscript | www.dovepress.com
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Engels et al some or all of the association between IBDs and disease onset could be explained by a voluntary reduction in physical activity secondary to symptoms associated with IBDs before the diagnosis is recognized.
A meta-analysis of the above literature evaluated six studies. 79 The pooled results demonstrated that higher levels of physical activity were associated with a reduced risk (RR of 0.63; 95% CI: 0.50-0.79) of CD compared to those with a low physical activity. There was no association between exercise and the development of UC. 69, 70, 76, 77 Inherent biases exist in studies that attempt to demonstrate an association between an exposure (exercise) and onset of disease (IBDs). However, there appears to be a significant association between low physical activity and onset of CD but not UC. A summary of the studies to date investigating the association between exercise and IBD development is provided in Table 1 . One explanation for these findings could be that exercise results in an anti-inflammatory environment decreasing the onset of CD. Alternately, this association may be related to residual confounding. Patients that exercise regularly are more likely to have other healthy habits that may decrease the onset of CD. Such factors could include a healthier diet (less-processed carbohydrates, more fruits and vegetables, and less red meat), decreased rates of smoking, improved sleep, and decreased stress. Given that there can be a disconnect between symptoms and intestinal inflammation in CD and that the diagnosis can often be delayed, it is plausible that symptoms from yet-to-be-diagnosed CD could result in a decrease in physical activity before the diagnosis of CD is made. It is also plausible that these symptoms result in patients choosing occupations that are less physically demanding to better accommodate their symptoms. One study attempted to control for some of these factors by using discordant twin pairs, and overall found no association with exercise and IBD onset. 80 Given the significant health benefits of regular exercise in general, it is possible that physical activity may have some benefit in prevention of development of CD.
Associations between exercise and IBD course
To date there are only a few prospective or retrospective studies examining the question of whether IBD course is affected by exercise ( Table 2 ). The available studies have also focused on varying outcome measures.
Patients with IBDs have higher rates of osteoporosis than the general population, likely due to a combination of inflammation, malabsorption, and medications such as corticosteroids. 81, 82 One of the first prospective interventional studies on exercise in IBDs was performed by Robinson et al. This was a randomized control trial of 117 patients with CD in clinical remission. A 12-month low-intensity exercise program had beneficial effects on BMD in this population. The intervention increased BMD at both the greater trochanter (4.67; CI: 0.86-8.48) and femoral neck (0.28; CI: 0.10-0.45), with a nonsignificant trend of increased BMD in all areas measured. 66 A separate study looked at the effects of moderateintensity exercise on various physiologic parameters in IBD patients undergoing a 1-hour exercise session at a max of 60% oxygen consumption. There was no significant difference in lipoperoxidation or orocecal transit time in the six patients with quiescent CD when compared to healthy controls, and there was no exacerbation of symptoms immediately after the session or at 6 months of follow-up. 63 Exercise has also shown to be an effective intervention when part of a multifaceted wellness program. Ellensbruch and coauthors performed a case-control study of a 60-hour mind body therapy program that included stress management and self-care training, moderate exercise, and a Mediterranean diet on 30 UC patients in remission or with minimally active disease. There was a significant increase in health-related quality-of-life scores (p<0.05) as well as in the IBD questionnaire (IBDQ) disease-related quality-of-life scores (p<0.01) in the intervention as compared to the control group. 83 Exercise seems to improve quality of life. Loudon et al performed a study of a 12-week moderate-intensity walking program in 12 patients with inactive or only mildly active CD. They found that disease activity scores, quality-of-life scores, aerobic fitness levels, and VO 2 max all had statistically significant improvements over the study period with an average of 2.9 sessions of 32 minutes a week. 65 Ng et al also assessed the effect of an exercise intervention on IBD patients' quality of life. Thirty-two patients with quiescent or minimally active CD activity and low physical activity levels were randomized to standard care or a 3 times weekly walking program at 40% of aerobic capacity (VO 2 max) for 3 months. There was a statistically significant improvement in quality of life as measured by the IBDQ. Other improvements included physical stress and symptom activity (p<0.05). 64 A separate study randomized 30 patients with mild-to-moderate CD to usual care or moderate-intensity running 3 times weekly for 10 weeks. The intervention group saw a nonsignificant trend toward improvement in the IBDQ score 13.8 (CI: 1.8-29.4) when compared to controls. They also saw a significant increase in the social subscores of the IBDQ (p=0.026). No association with UC onset and exercise CD onset inversely related to weekly and daily exercise onset Bøgglid et al, 1996 71 Denmark, cohort study, two cohorts followed for 5 and 10 years for IBD hospital admissions 2,273,872 followed for 10 years 2,387, 620 followed for 5 years A survey of 918 IBD patients found that patients attributed significant symptom improvement to exercise. A total of 72% of respondents reported that exercise made them feel better. Additionally, participants credited exercise for contributing to improved well-being, confidence, boosted energy levels (12%), feeling fitter or healthier (9%), and weight control and improved sleep (12%). A total of 23% of respondents said that exercise made them feel worse. 50 Another study of cognitive fatigue scores in 181 CD patients, 113 UC patients, and 85 controls found that there was a nonsignificant trend toward improvement in physical and cognitive fatigue scores in patients who instituted a regular exercise program (OR: 15.5, 95% CI: 1.20-200.70). In a recent large prospective study of 1,308 CD and 518 UC patients in clinical remission utilizing the Crohn's and Colitis Foundation of America Partners internet-based cohort, authors investigated independent effects of exercise on the risk of relapse 6 months later. Risk of active CD at follow-up was reduced in those with higher levels of exercise in multivariate analysis for both CD and UC (adjusted RR 0.72, 95% CI: 0.55-0.94 and adjusted RR: 0.78, 95% CI: 0.54-1.13, respectively). 85 
Conclusion
In summary, exercise may play an important role as a modifiable factor in the development and course of IBDs. Current self-reported and measured exercise rates vary widely in different IBD patient cohorts. Data suggest that rates of exercise are inversely related to current disease activity. 86 Exercise may play a preventive role, along with other factors, in the development of IBDs. While there are some concerns as to barriers to exercise in IBD patients, moderate-intensity exercise has demonstrated safety, and potential benefits, for patients with nonsevere disease. The safety of higher-intensity exercise in patients with severely active disease is currently not clear. Retrospective and prospective studies indicate that exercise may have beneficial effects on both the disease course and the quality of life of patients with IBDs. Exercise may provide additional benefits such as improvements sleep, mood, and BMD in IBD patients. Further studies are needed to guide specific recommendations on the intensity, frequency, and type of exercise that may be most beneficial to patients with IBDs.
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